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Summer Soil Temperatures On Algific Talus Slopes In Northeast Iowa 
TOM R. COTTRELL1 and KYLES. STRODE2 
1 Department of Biology, Central Washington University, Ellensburg, WA 98926 
2Department of Natural Sciences, Carroll College, Helena, MT 59625 
Soil temperatures at 15 cm depth were recorded on a single occasion at multiple grid points on two algific talus slopes during the 
summer of 1999. To represent and compare soil temperatures over a wider area, soil temperatures were measured (less intensively) at 
five other algific slopes and three non-algific forested slopes. Algific slopes appear to have greater variation in soil temperatures than 
non-algific sites. Spatial variation in algific slope soil temperatures ranged from 4-25°C. During the 10 day sample period temporal 
variation in air temperature at a nearby weather station had a similar range. Isotherm plots reveal a heterogeneous distribution of cold 
temperatures on these slopes, suggesting that cold air flow is restricted to certain localized pockets on already small, isolated, and 
fragmented sites. The localized nature of these coldest temperatures suggest that cold air flow is linked to substrata layering. Because 
these cold air vents are apparently easily disturbed by walking on the talus slopes, we suggest use of a ladder to allow sampling fragile 
algific slopes. This sampling method will lessen slope damage and disturbance, while providing access to sites for study. 
INDEX DESCRIPTORS: algific talus slopes, isotherms, soil temperature. 
Certain talus slopes of the Paleozoic Plateau of northeast Iowa and 
adjacent Minnesota, Wisconsin and Illinois, are home to a unique 
microclimatic phenomenon termed algific talus slope (ATS). This 
microclimate results in soil and surface air temperatures near freezing 
during much of the growing season. 
Algific talus slopes are found in carbonate units (dolomite and 
limestone) exposed along north and east facing slopes of major river 
drainages and usually are the result of mechanical karst. At the end 
of the Wisconsinan glacial maximum, about 18,000 years ago, fis-
sures developed in the massive carbonate capping units and ice wedg-
ing forced the resultant large blocks apart (Bounk and Bettis 1984). 
Because of this shifting, continuous air passageways exist from bluff-
top sinkholes to talus slopes below, which may be as much as 1 km 
distant. Cold winter air penetrates deeply into the fissures and the 
massive rock and soil of the bluff insulate it. When spring snowmelt 
occurs and the water drains into fissures, the resulting ice can remain 
until late August (Pusateri et al. 1993). Small crevices, covered by 
the talus slopes, allow air to drain out from the fissures through the 
talus, thus drawing air into the fissures from above (Pusateri et al. 
1993). This situation produces a steady flow of cold air that cools 
soils and surface air on the talus slopes. A cold microclimate results 
and soil temperatures near freezing are common during the growing 
season. In particular, slope soil temperatures have been cited as rarely 
exceeding 15°C in summer (Frest 1982, Nekola 1999). 
Although any worker who spends time on an algific slope quickly 
appreciates the heterogeneity of the cold air flow, no work has de-
termined the soil temperature distributions in detail. Chen et al. 
(1999) have summarized major studies on microclimates of forested 
ecosystems and the importance of air and soil temperatures is evi-
dent. Temperature is one of several environmental factors critical to 
vegetation community composition, though in most communities 
temperatures are usually determined by dominant weather patterns 
rather than by cold air seepage. On a single algific slope, the varia-
tion and pattern of temperatures could be an important factor af-
fecting micro-patterns of vegetation, and thus be important to pres-
ervation actions concerning the slopes. Highly localized cold spots 
combined with already small overall size for any given ATS site make 
this habitat even more fragile than might be expected. The unique 
nature of the flora and fauna of these algific sites make them critical 
at a global level for diversity preservation (Nekola 1999). The careful 
characterization of the micro-environments occurring on algific talus 
slopes is necessary to fully understand species responses on these 
slopes. 
Our primary goal is to describe the spatial pattern of temperature 
variation represented on algific talus slopes. We report here the re-
sults of our effort to map soil temperatures at 15 cm over a 10-day 
period in the summer of 1999 at two ATS sites near Decorah, Iowa. 
METHODS 
We selected two algific talus slopes in Chattahoochie County Park 
near Decorah, Iowa. One of these slopes was a relatively large site, 
approximately 600 m2, henceforth referred to as the upper site. This 
site was approximately 75 m from the parking lot. The smaller sec-
ond site, approximately 200 m2, henceforth the lower site, was a 
fragment of an algific slope possibly disturbed during road construc-
tion. The approximate UTM coordinates for the upper site are 15 
59597E 479632N and those of the lower site are 15 59603E 
479631N. All visits onto ATS slopes were made with the aid of an 
aluminum extension ladder placed at the slope base and extended as 
high as possible. This method allowed walking up and down the 
slope without disturbing flora, fauna, or the thin talus overburden. 
In 1999 the upper site was sampled between 12-18 June and the 
lower site between 30 June-2 July. We sampled soil temperatures 
at these two ATS sites from a systematic grid after random selection 
of the first grid point (Hayek and Buzas 1997). At the upper site, 
sample grid lines crossed every two meters both up and across the 
slope. At the lower site, the vertical distance between grid lines was 
0.6 m, while the horizontal distance was 2.0 m. Soil temperatures 
at 15 cm were recorded a single time during the 10 day period at 
each grid intersection using a handheld thermocouple thermometer 
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Fig. L Maximum, minimum, and mean temperatures for each sample 
date in 1999 (Iowa Environmental Mesonet, 2003). Rainfall occurred 
on 16 June (2 mm); 1 July (I mm); and 2 July (1 mm), and is indicated 
on the X axis. A reference line at l 5°C allows comparison of air tem-
peratures with soil temperatures in Figure 2. 
(Cole Parmer JKT Digi-sense thermometer, and T type penetration 
probe). All temperature measurements were accomplished between 
10 AM and 3 PM. Data from the upper site comprise 103 temper-
ature measurements (grid intersections), while the lower site com-
prises 117 temperature measurements (grid intersections). Temper-
ature isoclines were plotted using the Contour Plot Function of 
NCSS 97 (Hintze 1997). To get an indication of day-to-day soil 
temperature variation, eight selected grid points were visited on a 
second day and soil temperatures were measured a second time. 
In addition to the temperature samples at these sites, we also 
collected limited soil temperature data at a number of other north-
facing sites, both algific and non-algific in order to represent and 
compare soil temperatures over a larger area. Three of these locations 
were forested, non-talus, non-algific slopes adjacent to the lower site. 
Four additional ATS sites were also sampled at Finch Memorial, Seed 
Savers, Twin Springs, and Dug Road. Lastly, two small portions of 
ATS sites that showed evidence of very recent soil and talus slumping 
were sampled. These slumped sites were characterized by sparse veg-
etation, and only a thin veneer of talus. Sample sizes at all of these 
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Fig. 2. Box plots of medians, quartiles, and extreme values of soil 
temperature for selected sites in northeast Iowa. Sample sizes for each 
site are given on the X axis, and beneath these the identifying site 
number. Outliers are indicated by circles. Temperatures were mea-
sured at 15 cm depth by thermocouple thermometer. Stands 1-3 are 
forested non-algific sites. Sites 4 and 5 are the upper and lower algific 
sites. Sites 6-9 are nearby algific slopes. Sites 4-9, were dominated by 
Cystopteris bulbifera (L.) Bernh. Sites IO and 11 are small areas on 
algific slopes where the hillsides had recently slumped after snowmelt 
and spring rains. These small, cold, fragments were dominated by Poa 
paludigena. 
locations do not allow careful plotting of slope temperatures, but 
they are broadly indicative of the temperatures which were found at 
other ATS and non-ATS sites near Decorah. 
RESULTS 
Air temperatures and precipitation for the sample dates at nearby 
Decorah are presented in Figure 1 (Iowa Environmental Mesonet, 
2003 ). During these sample dates measurable rain occurred at the 
Decorah weather station on three occasions, however, no single rain 
event totaled more than 2 mm in a 24 hour period. Maximum daily 
air temperatures recorded during the seven sample days for the upper 
Table 1. Selected grid point temperatures on two different days. All of these samples were taken at the upper site. Location 
of the temperature can be found in Figure 3a by tracing horizontal and vertical positions. Four of these points were sampled 
on 2 consecutive days, the other four points were sampled 12 days apart. No point had an absolute difference in soil temperature 
greater than l.3°C. It is notable that the air temperature recorded in Decorah was warmer on June 18 than on the first sample 
date of June 15 (Figure 1). Similarly the Decorah air temperature was warmer on June 30 than on June 18. 
Horizontal Vertical Temperature Temperature Temperature 
Location Location 1st Date c 2nd Date c Difference 
21 4.25 6115/99 11.7 6/18/99 11.3 -0.4 
21 6.25 6/15/99 9.4 6/18/99 9.6 +0.2 
21 8.25 6/15/99 13.1 6/18/99 12.1 -1.0 
21 10.25 6115/99 14.0 6/18/99 14.0 0.0 
24.5 4.25 6/18/99 11.3 6/30/99 12.8 -0.5 
25.4 6.25 6/18/99 10 6/30/99 10.7 +0.7 
24.5 8.25 6118199 10.9 6/30/99 11.2 +0.3 
24.5 10.25 6118199 12.1 6/30/99 13.4 +1.3 
TEMPERATURES ON ALGIFIC TALUS SLOPES 15 
3a 
15.0 
.. .. 
... .. 
"" "' 
.( 11.0 
"" 
"" 
.. 
"" 
7.0 iJ "". .. .. .. .. 
.,, 
"' "" 
... .. • • • 
3.0 
.. • • "' • "" ""' . "' • • 
• .. • • 
.,, 
"" "" "" 
... .. 
"' • 
... ... 
-1.0 
0.0 6.0 12.0 18.0 24.0 30.0 
8.0 
6.0 
4.0 
2.0 
0.0 
-2.0 
0.0 6.0 12.0 18.0 24.0 30.0 
Fig. 3. Soil temperatures at 15 cm depth for two ATS. Figure 3a is the upper site and 3b is the lower site in Figure 2. Temperatures in 3a 
were taken between 9-18 June, 1999; temperatures in 3b were taken between 1-2 July 1999. Contours show temperature isoclines in degrees 
C. The X and Y axes correspond to horizontal and vertical distances on the slopes in meters. Gray dots indicate locations of temperature 
samples. Areas in the plots where temperature sampling was not performed correspond to regions on the slopes with sharp vertical relief or 
the presence of non talus overburden. Slope angle of ATS in 3a is 34°, slope of ATS in 3b is 43°. The warmer regions (> 14°C) in the upper 
left corner of Figure 3a were predominantly Impatiens capensis Meerb. and Polymnia canadensis L. Vegetation of the colder regions were 
dominated by Cystopteris bu/bi/era. In Figure 3b the coldest regions ( < 10°C) were dominated by Poa paludigena, mosses and liverworts. Regions 
with temperatures in the 10-14°C range were dominated by Cystopteris bulbifera. Contour plots were generated on NCSS 97 statistical package 
(Hintze 1997). 
site ranged from 18-26°C, while mm1mum temperatures ranged 
from 4-16°C. During the three sample dates for the lower site, max-
imum daily air temperature ranged from 24-26°C, and the mini-
mum temperature was 12°C on each date. The lack of significant 
rain events before any temperature measurements helps insure that 
the recorded temperatures were representative of true ambient soil 
temperatures. 
At the eight grid point locations sampled on two different days, 
we found that temperatures ranged from as much as l.3°C warmer 
to l.0°C colder on the second date (Table 1). On the dates that we 
registered these soil temperature differences, the air temperature dif-
ferences were as much as 5.5°C warmer than on the first sample date. 
This is suggestive that ATS soil temperatures are relatively buffered 
from air temperature fluctuation. 
Box plots of soil temperatures for the upper and lower sites, and 
nine other sites are presented in Figure 2. Boxes represent the inner 
quartile range (IQR, or middle 50% of the data). Outliers (Glover 
and Mitchell 2002) are indicated as circles in the figure. The upper 
and lower site algific slopes show a broad range of temperatures. The 
mean soil temperature at the upper site was 13.9°C, and mean air 
temperature during these sample dates was 16.1°C. At the lower site 
the mean soil temperature was 10.2, and mean air temperature dur-
ing these sample dates was 19.7°C. 
Sites 1, 2 and 3 shown in Figure 2 are non-algific. The warmest 
of these sites, site 1, had the shallowest soils, while sites 2 and 3 
had relatively deep soils. Very little temperature variation occurs at 
these deep soil sites. Sites 10 and 11 are both algific slopes which 
have had the talus overburden removed by slides during the spring. 
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These sites have the coldest temperatures and more temperature var-
iation than deep soil sites. 
Isoclines of soil temperature at 15 cm for the upper and lower 
sites are shown in Figures 3a and 3b. Cold temperatures are not 
evenly distributed on these slopes, but instead are concentrated in a 
few small areas. 
DISCUSSION 
Isocline plots of soil temperatures at grid points give a fine scale 
picture of temperature conditions at the upper and lower algific talus 
slopes. The few repeat temperature measurements we made are sug-
gestive that while ATS soil temperatures may vary from day-to-day, 
the range of variation is small. The heterogeneity of temperature 
distributions on a single slope, however, indicates that measures of 
slope temperatures from only a few points are not very meaningful, 
given the wide range of temperatures present. In the upper and lower 
sites the localized concentration of cold temperatures suggest a 
strong influence by bedrock structure. It is reasonable ro conclude 
that the layering of the bedrock produces cracks through which the 
cold air seeps, and thus produces localized cold spots. In Figure 3b 
(the lower site) the temperature isoclines have a generally linear as-
pect, again suggesting control by underlying bedrock. One can vi-
sualize fissures in the bedrock extending uninterrupted back to per-
manent ice in those locations where soil temperatures reach the cold-
est values. Other regions of the algific slope are less cold, perhaps 
indicating less direct connection to the underlying ice. The layering 
of the bedrock is not evident by surface observations because the 
loose talus and tall vegetation obscure it from view. 
The implications of these cold micro-regions are certainly impor-
tant for slope preservation considerations. It is probable that most 
algific talus slopes have similar warm and cold sites, and that the 
vegetation growing on the slope responds to these micro sites. Our 
observations suggest that within a single slope certain plant species 
become more or less common across the slope. One such species that 
was dominant at the coldest parts of these two slopes was Poa pal-
udigena Fern. & Wieg. It is likely that the majority of algific slopes 
contain specific air passageways that are critical to the maintenance 
of the cold air supply, while other areas of the same slope are less 
critical. As cold air leaks through the seams and holes of the bedrock 
it is probably variably diffused downward and across the slope by 
the thickness and orientation of the overlying talus. Such a situation 
would argue that the coldness of a given slope might be in part 
related to the thickness of the talus overburden, warmer slopes hav-
ing deeper talus. The extreme cold and shallow or non-existent talus 
of the two slumped sites (10 and 11 in Figure 2) support this hy-
pothesis. Since the localized cold spots might be responsible for a 
significant amount of convective cooling over the entire site, disrup-
tion of just a few cold spots might lead to the collapse or severe 
degradation of the algific nature of the slope. 
For these reasons, we reiterate the general consensus among re-
searchers that access to ATS be carefully controlled. We also suggest 
the use of ladders in future ATS work to reduce sampling impact 
on the sites. These precautions will allow researchers access to slopes 
while preventing damage to the fragile, localized cold sites. 
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